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ABSTRACT 

 

The complexity of data resulting from business process is becoming overwhelming for the 

Business Intelligence systems that don’t use shared resources. Many aspects of the business 

Intelligence process must be processes in real times without any error. In order to obtain error 

free results in quick time by using shared resources, cloud computing is one of the best available 

solution. Organizations can achieve many benefits by the integration of Cloud computing 

approaches in their Business Intelligence (BI) environments. This paper constitutes the first 

steps to understand the landscape of Business Intelligence under Cloud infrastructure.  
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INTRODUCTION  

 

Recently there has been a lot of talk about Cloud computing. Many people consider this new 

technology has transformed a large part of the IT industry. (Armbrust et al., 2010; Fenn & 

LeHong, 2011;  Wallraff & Weber, 2012).  The alignment of BI process in cloud environment are 

still holds many challenges (Baars & Kemper, 2010; Reyes, 2010; Willem & Jakobus, 2010). 

Business Intelligence (BI) characterizes holistic approaches to build and run an integrated 

management support infrastructure. (Baars & Kemper, 2008; Moss & Atre, 2003). The volumes, 

variety and velocity of data used for this task raises the need for a great number of heterogeneous 

systems. (Kimball & Ross, 2002; McKnight, Mohammed, Altmann, & Hwang, 2010). Over time, 

these systems often evolve into integrated and highly complex BI architectures. 

 

In an organizational context, the Cloud can be regarded as a new outsourcing alternative.  (Baars 

& Kemper, 2010; Böhm, Leimeister, Riedl, & Krcmar, 2011). But apart from well-known issues 
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with outsourcing, the Cloud comes with additional challenges that have to be taken into account 

when integrating this new technology into proprietary BI architectures. (Baars & Kemper, 2010; 

Willem & Jakobus, 2010).  Problems often associated with Cloud-based BI such as vague data 

confidentiality, the fear of a vendor lock-in or simply technological limits indicate that not every 

service is appropriate to be obtained from the Cloud. (Armbrust et al., 2010; Chow et al., 2009; 

Reyes, 2010). It is therefore essential to be clear about the Cloud suitability of individual 

components and services in order to include Cloud Computing into a BI architecture successfully. 

Thus, the goal of this paper is to gather and structure impacts that have to be considered when 

planning the use of Cloud computing in the sophisticated domain of Business Intelligence.  

In spite of many obstacles, cloud based business intelligence is a game changer in the digital 

business. All types of businesses, from small to large enterprises are equally adapting to the 

emergence of cloud based tools to enhance business intelligence. Small to medium business 

enterprises are now embracing cloud based applications to make their marketing strategies highly 

competitive. Large firms, on the other hand, are using cloud business intelligence solutions in 

further expanding their market and using it for experimentation in furtherance of building a 

more productive market environment. Cloud business intelligence (BI) delivers productivity tools 

and applications that are highly beneficial to businesses. Among these benefits include the speed 

of deployment and implementation of various business apps, scaling up of web applications and 

the integration of business intelligence apps to enhance business productivity and cost 

effectiveness. If you are not yet embracing cloud business intelligence solutions, it is about time 

that you should try to make your business more adaptive to this driver of change in the digital 

marketing industry.  

CLOUD COMPUTING 

According to Wikipedia , Cloud computing relies on sharing of resources to achieve coherence 

and economies of scale, similar to a utility computing over a network. At the foundation of cloud 

computing is the broader concept of converged infrastructure and shared services.Cloud 

computing, or in simpler shorthand just "the cloud", also focuses on maximizing the effectiveness 

of the shared resources. Cloud resources are usually not only shared by multiple users but are also 

dynamically reallocated per demand. This can work for allocating resources to users. For 
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example, a cloud computer facility that serves Asian  users during European business hours with 

a specific application (e.g., email) may reallocate the same resources to serve North American 

users during America's business hours with a different application (e.g., a web server). This 

approach should maximize the use of computing power thus reducing environmental damage as 

well since less power, air conditioning, rack space, etc. are required for a variety of functions. 

With cloud computing, multiple users can access a single server to retrieve and update their data 

without purchasing licenses for different applications.   

Cloud computing providers offer their services according to three fundamental models i,e 

Infrastructure as a service (IaaS), Platform as a service (PaaS), Software as a service (SaaS) as 

shown in the figure adopted from Voorsluys, William et. al. (2011). 

 

 

 

Infrastructure as a service (IaaS): It is the most basic cloud-service model. According to the 

IETF (Internet Engineering Task Force), providers of IaaS offer computers – physical or (more 

often) virtual machines – and other resources. Pools of hypervisors within the cloud operational 
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support-system can support large numbers of virtual machines and the ability to scale services up 

and down according to customers' varying requirements. IaaS clouds often offer additional 

resources such as a virtual-machine disk image library, raw block storage, and file or object 

storage, firewalls, load balancers, IP addresses, virtual local area networks (VLANs), and 

software bundles (Amies, Alex et. al, 2012).  IaaS-cloud providers supply these resources on-

demand from their large pools installed in data centers. To deploy their applications, cloud users 

install operating-system images and their application software on the cloud infrastructure. In 

this model, the cloud user patches and maintains the operating systems and the application 

software. Cloud providers typically bill IaaS services on a utility computing basis: cost reflects the 

amount of resources allocated and consumed. 

Platform as a service (PaaS) :  In the PaaS models, cloud providers deliver a computing 

platform, typically including operating system, programming language execution environment, 

database, and web server. Application developers can develop and run their software solutions on 

a cloud platform without the cost and complexity of buying and managing the underlying 

hardware and software layers. With some PaaS offers like Microsoft Azure and Google App 

Engine, the underlying computer and storage resources scale automatically to match application 

demand so that the cloud user does not have to allocate resources manually (Boniface, M. et al. 

(2010).  

Software as a service (SaaS) : In the business model using software as a service (SaaS), users are 

provided access to application software and databases. Cloud providers manage the infrastructure 

and platforms that run the applications. SaaS is sometimes referred to as "on-demand software" 

and is usually priced on a pay-per-use basis or using a subscription fee. In this model, cloud 

providers install and operate application software in the cloud and cloud users access the 

software from cloud clients. Cloud users do not manage the cloud infrastructure and platform 

where the application runs. This eliminates the need to install and run the application on the 

cloud user's own computers, which simplifies maintenance and support. The pricing model for 

SaaS applications is typically a monthly or yearly flat fee per user (Chou, Timothy, 2011). 

Proponents claim SaaS allows a business the potential to reduce IT operational costs by 

outsourcing hardware and software maintenance and support to the cloud provider. This enables 
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the business to reallocate IT operations costs away from hardware/software spending and 

personnel expenses, towards meeting other goals. In addition, with applications hosted centrally, 

updates can be released without the need for users to install new software. One drawback of SaaS 

is that the users' data are stored on the cloud provider's server. As a result, there could be 

unauthorized access to the data. For this reason, users are increasingly adopting intelligent third-

party key management systems to help secure their data. 

Cloud computing providers offer fully integrated BI solutions that are capable of fulfilling most 

of the companies’ needs regarding BI software. By doing this, a company has the advantage of 

externalizing this type of service. In this case there is no need for software maintenance at all or 

any other backup concerns. Any software update will be handled by the Cloud provider. There is 

another advantage in using web based BI software. Web development is gaining more and more 

control and traditional software programs are replaced by web based software. A huge advantage 

in web developing is the use of frameworks. This accelerates the software building process and 

eases the future developing of modules for the software created. Also, web based software allows 

users to access data from almost any device through a web browser or a specially designed 

application. Developing BI solutions with web technology can also reduce the costs of resulted 

software. In some cases there can be no costs at all.  

 

INTEGRATING BUSINESS INTELLIGENCE INTO CLOUD ( CLOUD BI) 

 

Integrating a BI into a cloud environment will overcome the technology obsolescence problem. 

By doing this scalability will be achieved. In this case, no matter how much the data complexity 

and amount from a company will evolve a BI integrated into a cloud infrastructure can handle 

it.  Integrating BI into Cloud is an advantage to a company not only for its scalability but also 

for elasticity and ease of use. For example, a company decides at a point that it needs an online 

helpdesk for its customers. This can be easily implemented in cloud and integrated into BI 

processes and no need for purchasing additional hardware.  The ease of use of a Cloud BI is 

determined also by the ease of access of BI software on various devices. Implementing a web 

solution for helping the decision making process has the advantage of being able to access it 

whether the user resides in the company or anywhere else. This will help to keep the non-
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stationed users informed about the changes . This also provides accessibility. The BI can be 

accessed on any web browser.  Shimaa Oufand  Mona Nasrsuggest that BI solutions can be moved 

to cloud using PaaS (Shimaa Ouf and Mona Nasr , 2011).  By using platform-as-a-service model 

a BI solution can be implemented in a short period of time. The solution can take advantage of 

the PaaS preinstalled software such as relational database software. Users will not engage into a 

continuous software managing and patching activity. The database platform that is present on 

cloud is scalable so it will meet the needs of resources available to handle an organization 

information volume. Also, another advantage that Cloud provides to BI integration is reduced 

costs. Sharing resources will result in a lower cost per machine. Also, hardware maintenance will 

be handled by the cloud provider as well as the implementation of hardware firewalls and load 

balancers to handle the traffic towards the data center.  

Availability of BI solutions is another gain for companies that chose to integrate it into Cloud. 

Cloud infrastructure is capable of working regardless of Cloud Computing and Business 

Intelligence failure. Also, cloud providers ensure their internet connectivity by one or more 

alternate connection so if one fails, another will take over the traffic.  There are many pros and 

cons of integrating BI in to cloud architecture.  

Pros: 

 Scalability and elasticity; 

 Reduced costs; 

 Ease of use and access; 

 Cloud relational database; 

 Availability; 

 Hardware maintenance. 

Cons: 

 Privacy; 

 Government regulations (where applied). 

 

As stated before, privacy remains an issue while integrating BI solution into Cloud Computing 

environment. BI solutions are not an exception. The security provided by BI solutions is only at 

an UI (user interface) level. The data stored on Cloud database is exposed to the provider.  
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Government regulations are, in some cases, a barrier in the migration of BI solutions of 

companies to a Cloud infrastructure outside the border. This represents a downside in terms of 

cloud computing expenses. 

 

Cloud deployment strategies are often categorized either as Infrastructure-as-a-Service (IaaS), 

Platformas-a-Service (PaaS), or Software-as-a-Service (SaaS).In IaaS typically provides 

managed networking, servers, storage, platform virtualization, and operating system 

environments. In PaaS builds on IaaS to further include managed middleware, such as 

application servers, database management systems, data integration services, BI development 

services, etc. In SaaS extends this stack to also incorporate the application layer. Figure below 

shows a typical cloud and BI integration adopted from TCS white paper (Lekha Menon and 

Bhawna Rehani,  

 

Figure -6. : Integrating Business Intelligence solutions into Cloud. 

 

The adoption of BI in Cloud environment  has been observed in the following categories: 

 Small and Medium Businesses (SMBs): Used as a horizontal BI tool to deliver 

standalone, internally facing reporting and analysis applications, with a traditional 

relational database (or data mart) as the primary source data system. 
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 Large Enterprises: Used as a horizontal tool to provide a simple, distinct, affordable IT 

sandbox where project experimentation and evaluation can occur far from a production 

environment. 

 Systems Integrators (Sis): Used as an application framework or pre-built reporting and 

analysis template for assembling customer-specific functional or domain solutions more 

quickly. These contain reusable components and application logic that can be tailored to 

specific needs 

 

CLOUD BI SOLUTIONS  

There are many cloud business intelligence solutions available in the market today and choosing 

the best one for your business may be a painstaking task for you. Here is our review of the best 

cloud business intelligence solutions that you can find in the market today to help you choose the 

one that most fit your business solution needs. 

SAS 

SAS offers cloud BI solutions that will give relief to your IT department in conducting a more 

thorough analytics of your data. Its visual analytics feature provides network diagram reports, 

decision trees and business intelligence analysis in real time with the least effort of coding done 

by your IT staff. The tool exerts better efficiency with sophisticated results. A plus is its 

visualization software that makes data interpretation easier. SAS cloud BI solution provides 

collaboration tools with innovative applications to various industries like education, banking, 

automotive, manufacturing, and communications. SAS can detect data anomalies and predict 

future business outcomes. Most of the users of SAS rely on its ability to provide insightful 

analytic reports that help them make informed and educated business decisions. You can use SAS 

for data visualization, data mining, statistical analysis, and business forecasting. 

IBM 

IBM is more than just a consulting company. It also has cloud based solutions for growing 

business intelligence. It offers predictive analytic solutions for businesses. It has products called 
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Cognos and SPSS deployed in their Education Cloud infrastructure. Its apps are also used in 

various industries and enterprise levels. The majority of the users of IBM cloud BI solutions are 

able to enjoy a more cost effective solution for managing data to increase return on investment. 

The data collection is highly scalable and user friendly. It provides dynamic queries and broad 

data collected that can be accessed in the cloud using Smartphones, tablets and computers. The 

IBM’s Cognos system has more than 23,000 subscribers and many ascribe productivity in using 

the app that reduces the analysis time on their data by about 50% with a markup of 20% on their 

return on investment. 

Good Data 

This business intelligence solution provides a cloud based platform for analytics. Most of its users 

benefit from using its analytic tools in monetizing their business data. The app is useful for any 

company or industry, offering a highly scalable platform on the cloud that is reliable and secure 

in collecting and analyzing large data. Businesses derive the benefit of obtaining business 

insights, sales performance, marketing strategies and predict customer behavior. The platform 

can easily share and collaborate other data from sources like SaaS and both structured and 

unstructured data. Its powerful feature comes from the data analytics tools using the Extensible 

Analytics Engine and Multidimensional Analytics Query Language (MAQL). The combined 

feature of these systems offers the users more advanced metrics and data analytic performance. 

Among its best features include the customizable data, user friendly console and is cross platform 

compatible. Team collaboration on the cloud is enhanced with its sophisticated cloud BI apps. 

Birst 

This cloud business intelligence solution was awarded with the highest rate as a top rated cloud 

BI vendor in 2012. Birst offers business analytics tool, with self service report, data visualization 

system and interactive tools like table and other graphic presentation of data. It has an 

interactive dashboard with ad hoc analysis features. The program helps businesses make an 

informed decision, collaborate data and even share sticky notes to your team who can access the 

data in the cloud using mobile phones, computers or tablets. Among the best features of Birst is 
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its ability to integrate data coming from various systems, deploy business analytics and even 

automate management tasks. 

Bime 

Bime provides a solution that simplifies business intelligence usage using cloud computing and 

data visualization. Most businesses can use its simplified applications for accessing and 

analyzing data. It creates innovative user friendly products for data analytics that allow the users 

to take control, manage, and share data. The cloud BI tool of Bime provides you the ability to 

access multiple data sources and use them in your customizable dashboard. 

Zephyr Health 

Zephyr Health  is a data management software and health data management application that 

allows the user to exercise more insightful decision making process using the data that is 

ordinarily difficult to extract. This solution is highly popular in the health sectors and is widely 

used by medical practitioners and researchers in the health industry. Its cloud based platform 

allows the collaborative sharing of data by its users using their acquired information from 

various sources like other vendors and different customers. You can focus the acquisition of data, 

whether structured or unstructured. 

 

CONCLUSIONS 

 

Cloud computing is a leading technology in terms of scalability and flexibility. Using shared 

resources offers a great advantage for an expanding company. This is also reflected in 

investments. By not investing a lot into hardware architecture and the maintenance,  

organizations can expand much faster by investing into innovation, marketing, etc.  Integrating 

Business Intelligence software into a Cloud environment is necessary if the organization wishes 

to gain an advantage. This solution will provide a company the necessary tools to get in front of 

its competitors.  The ease of use and access that a Cloud BI offers will allow the employees to 

have mobility without harming the decision -making process. Still, the primary concern of using 
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a Business Intelligence solution in a cloud environment is related to privacy. This issue will 

persist until a viable solution will be found.  
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